In; E. Aoy John (Ed.), Machinary of the Mind, ipp. xd - oo

Cambridge, MA: Birkhiwser Boston, ng, 1930

T-171

Introduction: Brain and Consciousness
A Wealth of Data

Eane 1. Priugam

Introduction

The expliclt purpose of this confercnce was, in the words of E. Roy John, 1o
discuss the evidence available for undersiznding “the physiological basis of sub-
jective experience, the material origin of human sell-awareness.” | stiemded the
presentstiens and discussions and have devoled many hows 1o sdying the
wrillen contributions that evolved from the conference. The presentations and
contributhons were aml aré impressive and | am honored 1o be invited 1o wile an
Introduction (o the resulling publication. What [ hope to do in this introduction is
examine some of the nssembled contributions most relevant 1o the explichl purpose
of the conference within the framewark of systematizations | have achieved of my
own ohservations and experimental resulls,

Quantum Theory

Walter Frceman poses the challenge in chapler 2: "On the [allacy of sssigning an
origin 1o consciouaness.” According to this challenge the title of our symposium
is mislending, There is no the mind and therefore there can be no “machinery™ of
miénd in the sense of Newtonlan mechanistic explanation, According to Freeman,
mind {derived lrom minbing 8% pointed owl by Gilberl Ryls, 1949) s process,
actuslly a sel of processes coordinating the funclions of our material body with the
panoply of environmental events. Of course, the brain has a special relation lo
arganizing these processes and Freeman presents evidence on how some of these
organizations develop and become replaced with vibers. e makes the further
point that certain activities (usually cyclic) initiate the organizing process.

A great heginning. | can clearly hear some of my phiflosapher lriends, however,
shaking their heads, grambling: “Bul where does (his leave us with regand lo our
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onscious experience of 3 more or less unitary selfl, the progenilor and execulive
il the minding process?™ | counsel paticnce. In chapter 1, Rohert Doty, in Tact,
nkes the nexl step in addressing the issue of "ihe unity of mind.” Doty farthers
se idea thal Newlonian mechanics fails to describe the role of brain in organizing
vinding. Doty i= forthright in proposing (hat brain processes arc nonlocal co-
peralives zuch as those thal deseribe interactions in quanfum physics,

In chapler 3, E. Roy John comprehensively reviews his own considerable
mounl of evidence that ensembles of distnibuted newral evenis conpersie o
imaduce recognizable brain pallerns that correlate wilh recognizable hehavioeal
iatterns. John poinis out (hat ensemble cooperation is best described in the speciral
lnmain, though spatiotemporal factors operate lo constrain the patterns of co-
pemation. John, however, does nol clearly distingnish temporal from speciral
rganizalion, a distinction necessary for understanding the possibilily enuncinted
iy Doty ihai in the brain corfex ensemble cooperalivity is akin Io processes
ieseribed in quantum microphysics.

The distinction between spectral and temporal arganization (as well as hetween
peciral and spatial organization) is mathematical, Specira are measured in lerms
[ lrequencies, which in mathemalics are Fourier transforms of patierns of time
o space). Speciral analyses of the EEG delermine power in various handwidihs
{ frequency. The time of occurrence of any parlicular frequency becomes en-
olded into the totality of the bandwishh measurement,

In 1946, Dennls Gabor devised a scheme o measure the efficiency with which
Hephone communication {via Allantic cable) could proceed. Following Variley
|928), Gabor pointed out that there is a tradeofT between frequency and time (and
ierefore space on the cable) taken for (ransmission. [le suggesied that the fre-
uwency and duration of a signal be plofied simultancously. The resultant plot
rilhin which the signal was described is o phase space—and Gabor nsed Iilbert's
iathematics to develop the plol. Tn such a plhase space the daration of a signal
mist cover at least a hall wavelength or else the frequency of the signal is
ulcterminate. This minimum is mathematically identical with that described by
leisenherg 1o describe a quantum in microphysics. Gabor therefore called his
tnimum a “quantum of information.”

During the 19705 il became clear that this Gabor elemeniary funclion, as (he
wantum of information is now called, i= the best descriplor of a receptive Kield of

neuron in the visual eortex submitted 1o harmonic analysia (see review by
cValois and DeValols, 1988; Priliram and Carlion, 1986). Whether (his means
al dendrilic processing as rellecied In receplive field organizalion, is a micro-
bysical quanium process remains an open question, van der Tweel in chapler 8
marks that though such an hypothesls can not be disproved, he remains uncon-
nced, Unfortunately, he provides no explanation for this stance. In view of the
rerwhelming mass of data in Favor of Gabor-like processing in hoth the visual
il medilney sysiems, I remaing benable vl the laws thal were Tormulates) 1o
sweribe quantum physics apply st well to sensory payclupliysies (1icklider,
51} and to the nenrophysiology of ssasory processing, (For detalled review sce
ihram, 19902 and 1990%, Lectures 1, 2 and 4.)




Indrmchaction: Meain and Consclonsness wxiil

To summarize: The contrihotiona of Daty, Freeman, and John, that make up
Part | of this hoak, point us loward an explanation of the role of hiain igantzation
in menlal processing as ohieying laws akin Io those developed 10 describe quantim
rather than mechanistic (Newlonian) physics, Evidence in available that, indeed,
penceasing is distrilwled among ensembles of neural (dendiilic) events hul eon-
shemimed by the temparal amd spatial “initial conditions™ describing the anatomic
connectivilty and Tunclional properties of the nearal network.

The lact that these considerations are reached by use of harmonle analysis hased
on spread functions such as the Fourier o1 Fourier-like transformatinns indicaled
thal, by means of convolutions and inverse Irnsforms, correlations among pat-
ferms cam be readily schieved, Such procedures are the exsence of image processing
in compulerized lomography. In processing sensory inpits, such correlations can
e accomplished through movements that allow the exteaction of Invariant piop-
etfies, conslancies, in produce symmelry groups, which when inverse translomied
are, (al feast computationally) coonfinate with the perception of ohjects. (For,
detailed reviews, see Pribram, 1990, Lecture 5 and Appendiz )

Aceording lo siich & compulational scheme, over any wide range of movemenis
the only "ohject™ that remains invarianl is the mowver, the corposeal sell, (For the
precise nenral processes involved in llve pereeplion of a eorporeal self, see Pribenm
19910, Lecture 6). The challenge initiated by Freeman and posed by philomophers
is, M least as an initial possibility, met by following through the proposals (hased
on (heir data) made by Doty and John,

Chaos Theory

Harmonic analysis nndertaken along the lines indicated by Oabor yield lincar,
inverlibie, compatational tranaformations. Much more papular i the moment are
claely related monlinent procedures such na those wsed in Symergelica (see
¥nken, chapter 7, amd Tiaken and Stadler, 1990} sl in the applicntiona of sa-
enlled ehnos theory o ihe annlysis of brain elecivleal nctivlly, Freeman infondvces
this Iype of naalysis in chapler 2 pnd Paris 11 and 111 of this book are filled with
carefully execuled studies waing these techniques.

The quanivm of information is an elemeniary Fonclinn that changes (eg., s
frequency and therefore minimum duration) as conditions change. Further, new-
robogically, these quanta describe receplive Geld nodes in ensembles of coopers-
tive dendrilic events. Due (o spontaneous newral activity and inpuls from sensory
and chemical receplors and from olher neural nelwniks, the aclivity in these
enseinhles is conlinuously changing. When the trnjectories of these changes lead
o lemporary, 1e., quasistable, pabierns wilthin ihe everchanging "enchandied .
loom™ a5 Sherrington (191 1/1947) once described brain electrical nctivity, these
quasisiphilitics are callcd “stiractos.™ When such patioms cannol be ldenlificdd,
the system is said fo be chandic. 1 helieve this lerminnlogy is miskearding:
holographic encoding of (he nodex of interference patterne—Fourier cnrlTi-



m

REiv Introduection: Brain and Consciousness

elents—Ionks 1o be “random™ or “clwotic™ butl in fact is o distrifated domain that
containg all of the information (by Gabor's definilion) necessary lo display, when
inverse ransformed, images of ohjects.

The reason for applying these nonlinear lechniques is that simple Fourier
translormations do nol supply solfficienily rich compotational power i describe
either newroeleciric of psychophysical phenomenn per se, much less the relation-
ehipa between them, To the extenl that one can slay lincar, as in quaniom phy=ical
description, to that extenl computation is simplified. When, however, nonlincar-
ftles must be Introduced, ps when frreversible choices or Irajeclories need 1o he
described, they can be coneeived either nx hasic—or nx critical variahles that afTect
n basically linear process. Bagar, in chapier 5, and [aken, chapler 7, take the
Iatter route and their analyses and models are readily compadible with what | have
described so far, For insiance, in Bagar's contribution, the *'stranpge sttracior"™
fs n fractal {i.e., & noninteger) and fractals derive from the Fourber transformation,
which allows nol only transkational it diational invariance, the essense of fracial
geomelry (see Pribram, 1990b, Lecture § for details), Could it be that the trajectory
lending from whaet sppears to be chana to what is described az ihe “strange ni-
iracior"” Is simply one manifestation of 8 Fourier-like process? In such n process,
constraints refect nonlinear rather than linear couplings of neural resonators, as
Indicated by the contribution of Alvarez Amnador, Pascual-Margui, red Valdés.
Sosa (chapter 4). BEvidence produced with microelecirodes by Singer (1989) in-
dicales that such resonances smong dendritic processes within & cortical colimn
in the visual cortex do, in facl, occur and can account for the conjoining of features
in visual processing.

Chaos theory is distinguished from other hinding technigues using non-linear
dynamics, such ax that of Thatcher in chapter 20 of thix volume, in =pecilying
attracions, lendencies toward which ensembles of momentary confligurations
{mnaps) of neural microprocesses converge. The principles of chaos theory take A
step furlher the oplimizafion principles of; 1) paths of least aclion in macrophysics
{Mamillonlans that describe the tendency of systems o converge on least energy
expendiiure); 2) the pction infegral path in quantum mechanics (Feynmean, 1985)
in which Hamilionians become vecions in phase space and therelore make possible

_atahilities ahove energy minima; to 3) aliractons which deseribe (Prigngine and

Slengers, 1984) temporary stabilities far from equilibrium (i.e., far from points of
minimum energy). The binding problem, the fact that imaging is experienced as
a unitary Mlow while the brain Tunctions in terms of discrele microsiates, s
addressed hy Lehmann in chapter 10,

Lehmann notes that the apparently confinmeoes “flow™ thal characterizes cnn.
sclous experience is found nevrologically 1o be composed of discrete "moments.”
Lehmann describes momentary microstates displayed as EEG maps, each map
Insting about 10 msec. The metaphors of cinematography and television bring this
issue inlo everyday expericnce: discrele frames of scans are experienced az con-
tinuous Mows of images. Philnsnphers have discussed this izsue as a parl of the
“grain problem™ that deals with the fact that the grain or scale of our descriptions
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{ane mieasnrenvents) of physieal events i ofien dilferent from the scale of descrip-
linn of conselously perceived events. We perceive tabiles and chairs, not mnbe.

oules, moms, o quacks. In the case of discrele newral evenis sach as fwee
describing momentary micrnslates, the issue is posed a8 o how snch moments
hecome boind into larger and larger unit= wntil eontinuily = schieved. Lehmann's
data identily the inilial sleps as reflected in the newroelecitle recond, is daia
suggrest thal “even though the individual funclional microsiates are very shor,
their renccurrence over a certain perind of lime would permil the hiain o reenter
inlo & given global eondiiton.” Lehmann's descriplion i reminiscent of that ased
by Gerald Edelman (1987, 1989). Edelman tackles the binding problem by de-
scrihing pulative reenteand processes thal aceomplish correlations and integrations
beiween the activitien of “mulliple reentrantly comnecled™ coriical syzteme. In
older enginecring lerminology, feedhacks and feedforeards were described io
accnmplish inlegration (ree, e.g., Pribram, 1971) and currently, “hackvards pro-
cessing” is The hackhone of neural nelwork (FDF) appronches In the pmblem
{Rumelharl and McClelland, 1986, Vals | and 2). E.R. John and varions collabors-
Inrs kn This volume (see Prichep ef al., chapler 13 wiilize cross-spectral coherence
a5 well aa factor analylic: methods (o determine groeplags of processes, Each
of these technigees addresses the issue ol hinding from a slhightly diTeren
perspective. What the lechnigques have in common with esch olher aml with

chaos theory is thelr expression in malhematical langriage that can be exploifed
compaiationally,

Conscious Sensation

To grasp fully the imporiance of ihe processes described by these mathematicnl
techniques it is necessary bo firsl explore the relation helween expericnce and the
Inpul that Iriggers the experience. The question can be framed as o whal i iz tha
= “added™ ln conscious experience by the transformatinnal processes thal lead
fecvm setie ongan to brain, The l=soe = clearly ithistrated o the sensory recepbon
andl primary sensory projeclinn sysiem for the experience of color.

Radiant energy is dilfracted by reflection and the oplical sirmciure Into 8 con-
fimwous spectrom. This spectmm is convolved with three phoinchemical recepling
sysiems (a8 suppested by Telmbiobiz 190971924 and Identified by Wald, 1964) to
form three outpat functions from the relinal cone system, The luning comves of
there fumctions cenler on maxima thal do ol correspond (o whal we know In be
primary eodoes from ondinary mixing lll‘tlll‘t‘lﬂl‘lh Rattser, the cone recepldne
awlputs are in tiurn comvolved with lateral inhibitory networks of the horizonial and
expecially the amacring layers of the reling o produce, by sublraclion, oripols
From the ganglion cells thal comespand o opponens pairs (Hering, 1964; Harviich
andd Jamseson, 1957). DeValoks {198R) lnz shown thnt the receplive fields of units |
al the Ialeral geniculale nuclevs demunsirale such opponens processing: e g, red
will encite, while green will inhibit one cell's response, amd the opposite may be
irue of another,
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Two opponens pairs have been identificd: red-green and blue-yellow, These
interact wilh an achromalic dimension (o form color “images” in a three-dimen-
sional Cartesian color space.

An additional dimension comes inlo play when the excitatory region of the
teceplive Tield and ils inhibilory Nank reapond in &0 opposile manner o & pai-
ticwlar color and still another opposition with ils opponent (Zekl, T9R0; DeValniz
and DeValoiz, 1988). To achieve color constancy depends on ulilizing the double
opponens processing capahilities for the three sels of color pairs. Hurlher and
Pogglo (1988) used computational lechniques to simulate color conslancy in enlor
spaces composed of Mondrans of different reflectances. Their implementation
utilized parallel processing in simple analog networks composed of the linear units
devised by Poggio (zee Pribram, 1990b, Lecture 1). One of these implementations
uses 8 "gradieni descent™ method ihai, over iicrations, minimizes the leasi mean
square of the error between actual and desired oulput (as determined by psycho-
physical experiment). This method is similar to that employed in Dccam and the
thermodynamic models (for review, see Pribram, 1990h, Lecture 2). As [urthent
and Pogglo poinled oul, this procedure s closely related to oplimal Bayesian
estimation. In their computations, they wsed veclors (o represent sample inpol
sequences of Gasslan stochasthe processes with zero mean (similar to the if-
ference of Cianssians, reviewed n Pribimin, 1PRT, octire 4% The peogeny (e.g.,
Diue) is then fully specified by a compatation similar o a regression  equation,

It is necessary that the operator in this computation be space invariant, that is,
it must nod change with a change in tocation. This is accomplished by computing
in the speciral domain (Fourier transforming). The compatation (s becomes
“equivalent fo the formation of an optimal [matched ] Miller” (p. 239). The com-
putalion ulilizes the power specirum (amplitnde-modulated frequencies) of the
Inputs. From an ensemble of such inpats, the cross power spectrum is compicd,
These computations carried ol by processes in fhe primary visual systems [Tri-
bramy, 199 1) are all crifical in vur conscious experience of color, Are ather sensory
experiences equally dependent on Irensformations of sensory inpol by noural
operationsT

'Epl'cliti-: and Protocritic Sensory Processes

An excelieni candidate for sttempling 1o answer This question is provided by the
chapter on recovery from brain damage by Bacl-y-Rita (chapier 18). Central 1o his
theme is the conscious experiencing of pain. Pain is the foundation of one calegory
of hedonic experience, As such il is crifical to the issue of delining consciousness.
There is a deep implicil relation beiween hedfonic walwalion and consciows ex-
perience: in fact, in the French Iangunge “conscience”™ (lo know Ingether) means
holh conscinnzness and consclence. The deep meaning ol this relationship eannnl
be deciphered from observalions of behavior abone: An operatinnal behaviorsal
definitinn such as “pain is ihal which prduces withdrawnl or agnnislic respoml-
ing™ fails fo describse the folt specinim of the phonsmenon: schies and sellering
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cannod always he handled by simple responding; and, masachistic hehavinr ac.
Iually secks what in other conlesis would be described a5 prin-inducing stimula-
lina.

The newral side of the hoped for cquation brings its own puzzles, Any free nerve
ending, which under nedinary circumatances mediales sensgations of deformatinn,
can, when slimolated excessively, aerve ax o pain receplor. Two separale paths in
(e central nervous sysiem carry signals thal become interpreled as "pain™ A
sysiem of “A™ delia fibers that iransmilz relstively rapidly and s system af “C*
fibers thal tranamila sigials slowly. In the zpinal cord, the pain-ltansmilling fhers
are inexarahly inlertwined with those That deiermine the sensalion of lemperatire
as well as those enlering the cord via the B fiber viscernautonnmic alferend sysiem
(Prechtl and Powley, 199, Ad the brain siem level ibe paths become poculianly
eomplex: endpninis are reached in the peringueducial grey and in the thalamic grey
mailer surtounding (he thind venirical hul other tracts cany signals hack dovwnwanl
inin the spinal cord! Finally, ot the cerchoal level snmatnzensory thalamocortieal -
pathways such as those involved in the tramsmission of pain are traced o e
parictal lohe hut parieial Inbeclomy in useless in ameliomling infracialile pain,
whereas lionial loheciomy or leukolomy seeve well. Add o all this the abservalinn
that, nn the whnle, hrain tissue is insensitive io manipulation and that na single
hrabt netron nr gronps il mewrmna onn by dldentilied (o r:'?:l'H.HI ﬂl‘ﬂ}l I q|-||'l_|'|r|l':
ihal oudinarily resull in pain ol we have on our hands whal appears 1o be an
insurmownialile task of explanation.

Nut the maller is Car foom hopeleas. The presence of palhveays descesding lram
the hrain stem io spinal cord has suggesied thal the sensation of pain may he
subject fo a galing procedure (Melzack and Wall, 1965). Tracing these filers in
layer V of ihe suhstantia gelalinosa of the dorsal hom of the cord, the arigin of the
spinothalamic pain and femperature iract gives snatormical suppor o the gate
Ihmr'_r,

The discovery that elecirical slimulation of the perisqueductal grey (the feomi-
nis of a large nnmhet of the "C" fiher sysiem of the spinal pain and temperioe
syslem) can, depending on The frequency of The stimubis, not only Inwer bl alsn
raize the threshold of withdrawal from ordinarily noxious stimulstion has pio-
vided specific evidence for gating (Licbeskind, Guilhaud, Besson, and Dliveras,
1973; Licheskind, binyer, and Akil, 1974)

When il was diseovered that the periaqueductal grey Is (he site of preference v
the absorplinn of opiates another imporiant lead 1o explanation was opened. Soon
il became apparent that p g&l of chemicals secreled by the piluilary and within e
nervmis sysiem were also absorbed selectively by the peringueductal grey sysem
and showed the pain-prolecling properiics of opiates. These enkephaling, en-
dorphins {endogenous “morphines”™), and dynosphing are all derived Trom 8 peo-
lein modeciile thal is alen e oagin of the adoenocarticndroghde (ACTTN hrmone
secreleil by the sdrenal endlex In siliualions prodiscing chenile =iress, Le., discim-
[T

Al the lrakn slem and cerebial level electrical slimilatinn of (hese same sysioms
of neusons lias prodisced both deferreice and reinforcement of helmving, These
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syslems of neurons exiend from the peiaquedictal grey 1o the Bmbic forehmin
((ds and Milner, 1954; Olds, 1955). Here, as in the case of pain and lemperature
tracts In the spinal cord, the dederrence and relnforcement systems are o a lage
exlent indistinguishably interiwined.

Pain and temperature, though =n apparenily odd eouple, continue their close
relation=hip into the amygdala of the limbic forebrain and the clomely related
corlex of the temporal pole and orbital surface of the frontal lobe, A% in the case
of pain, and, in contrast to other somaosensory submmbalities, (e discrimination
of lemperature is hordly sffected by parietal Inbectnmy or stimulation, Temper.
alure discrimination, as is avoidance of pain, s, on the ather hand, severely
di=rupled by lesions or siimulations of the amygdala and relaled cortical sy=lems
(Pribeam, 1977

There is more evidence that the pain and lemperature senses mre in snme way
intimately related. During frontal lenkotomy, marked warming of exiremilies is
experienced and obeerved when the final quadmnl of fibers is transected. Elec-
trical stimulation in humans of siles that produce endorphin secretion are ofien
nocompanied by feelings of chilliness (Richardznn and Akl 1974}, Aml the
production of endorphing has been direcily fmplicated in the raising of the thresh.
old of the production of chills and theills.

With one asswmplion, based on phy=iological experiment and evidence nh-
tnined in arctic rezearch, a neural moded for the pain (and tempemture) process can
be constructed. The assumplion i that in mammals meiabolizm is anchored in
maintaining a slable bazal lesmperalure. The evidence for this azsumplinn has heen
reviewed bn delail by Brobeck (1963). In addilion, it is the mainierance of a stable
basal lemperatore that is perceived ns comiforl

Tain and temperalure sensalions, therefore, serve ax infliadors of experiences of
sulfering and comfort, I i well known thai mainiaining basal {femperature and
melalsolic siahilily enfails homenostatic {or hetier, homeorhetic, becanse their, set
point Is reseitable) processes, Whal can pow be added is that pain and suffering
are also regulaied homeorhefically.

The homeorheleic nature of pain and sufTering explning phenomena such as the
imsensilivily lo pain during competitive sposia and other strenuous activity, Ad-

_ministration of Maloxin, as endorphin antagonist, during & “runners high® ool-
" laps=es the euphoric feeling.

Masochism is also explained. The appetitive phase of discomPort is arlinarily
experienced as lich, the consummatory phase as pain. During skififul sadoma-
sochistic Inferaction, the masochist's threshold for pain (endorphin level7) is
raised more or less gradually so that what would ordinarily be experienced as pain
is n phenomenon akin to an itch.

Ezsentially, the homenrhelic processing of prin amd discomion is the resall of
a dusl “gating” mechanism: (1) top-down connectinns from the Tionlodimbic
frrehiaim i the thalamic aml periagueducial grey (Falion, &1 al, 1949), which, in
trm, conmect with the dorsal horn celis of the suhsiantia gelatinmes of ihe spinnl

cord; (2) the threshold-raising endorphins, which are controfled by these lop-down
neural syslems,
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The fnct is, therelire, thal tngether uith odher homeorhelic prcesses, sach as
those regulating ealing, deinking, and zeaual behaviors, the pain nnd lemperatare
senses are processed to n large extenl by a frontolimbic milier than by a parietal
forebrain system, This fact can be conceptunlized in terms of experiments in which
peripheral nerves are zectinned. During the inilial =tapes only fine fibers of the ©
Iype compaose ihe regenernting nerve, During this stage only diffuse relatively
uncomfonable and dilficull lo localize (in flime and space) scnsations me ex
petienced, Dnce the pormnl fiber size spectoem hins been atinfned, sensatione sre
once again expericnced a5 normal, Le., they demonsivate whal nenrologists call
Incal sign, Tenry Vead (19200 distinguished these normal sensation as rpricrinic
aml the =yslem ol spinal cord and brain stem fibers Imn[ﬂ\lnl haz been traced 1
paricial Inhe cortical ierminatinns,

Ny conlrast, ns reviewesd here, the fiber systems invalved in the senzations Ml
leasl called protopathic, and which are initially mediated by the small nerve fiber
system, lerminale fontolimbically. Because thiz sysiem opernles ool only in
pathological circumstances bul also nommally in the inact organismes, the berm
profecrifie & mite Appoopriale

In summary: a prolncrilic et of syslems based on scrsations perceived as pain
nil temperatore has been ilentified. These prolocritic sysiems are hnmembelic
anal join other hnmenrhetic beain stem and frontolimbie systems that regulate The
well-heing of the oiganism. A major characterisiie of thees syslems fe their
Inp-down control over receplor procesting.

Forms of Conscious and Unconscious Mrocessing

Mitchell Valdés-Sasa and Maria lobes in their chapler |1 review the issies con-
cerning implicl (orconschnis) pml explichl (oonscions) processing, These issiees
are ordinnrily discusaed by lerm of meclianisma of momory. These mechanzms
concems primnrily the coding med retrieval operntiona of remembering riber than
those of memary stornge. The guestion asked by Valdds.Sosa and PAobes i
whether coding and relriewal nte waltary or modakar, Their evidence adided in
thoze ol others clearly supporl modulnrity, i.e.. sepnenle systens can bse ibentilicd
o process dilferent remembennces.

Thelr malyzle raltes additlonal quicsthsivs, Ave inplicit, snconscions, PreRCERReS
all of & kind? Furlhermote, il explicil eonsclois processes are modular, in what
tnes mavtiatarily apply: stnales, conlents or only the processes thal relate (he siates
andl the conlents ol conaclmueness?

Shvyrkow in chapier 17 on animal exporicvce mblresses the orgnnization of
what in humans wonld he called implicit processing. Tuman subjectizity is in
many respects 3 mela-conscionsness, Le, a subjective awareness of awereness,
For example, hilaleral resections of the medial poctions of ihe tomporal lobe
peodhuce & profenend distnrhance of subjective memary in hinans without loss of
skill memory. In monkeys wilh such rescctions | hove observed retention of a
visual discriminntion af the 90-98% level nfter 2 years (with controls peifoming
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in e low B0% range). The besioned monkeys were salficiently conscions to
perform the task, and there was nn adequale lest of mela-consciousness for
monkeys lo delermine whether a loss similar o (hat sustained by hoamans had
occumed.

Inspired by P.K. Anokhin, what Sheprkow did fincd ont was that the shills he was
festing were organized according lo the behavior acrs, their ohjective envinon-
menlal consequences and nof the "functions” of the body paris implementing these
hehaviors. Sheyrkov's findings support those of Bernstein (1967) and my own
which have demonsitaled that the classical preceniral motor corlex encodes The
environmental consequences, the environmenial loads placed on ihe molor sys-
tem, and nol the melric confraclions or movements of muscles (Malis, Pribram,
and Kruger, 1953; Pribram, 1971; Pribram, Sharafal, am] Beekman, 1984; Prd-
biam, 1984; Pribram, 1991],

The conclusion can be reached ithat abjeclive awareness of the conlents of
consciousness is shared with animals. This leaves open the question of shared
Mlhil:\l:l'lh'ﬁjl' and of the nabisre of unconscinons pmqﬁin!, These qm:ﬁti.qﬂp: Are
related: Sherrington (191 1/1947) noted that ko the eatent that behavior is "reflex™
to thal exlent “mind” does not enter the process. As noted, the lerm “mind” derives
from “minding”, i.e., "paying” allention,

The conlritalions of Steven Hillyard el al., (chapler 9), Joaguin Fuster (chapler
15), Thalin Harmony et al., (chapter 19), Robert Thatcher (chapter 200, Cend
Frurischeller (chapler 12), el al., in thia valiime sddress ihe exlensive sel of dals
obiained from stwlying the relaiion of atlention and para-atlentional processing
by means of recorded electrical brain actbvity. Two overfapping classes of elec-
irical brain sclivity have been identified (Jobhn, Herringlon, and Sulton, 1967):
thoae (extrinabe) which closely rellec! sensory processing nad (hose which dépend
mare Il'll.lllltllhljl oy the conlrbinliont ol hrain prme:sin;{hﬂrimil;}. The exirinsic
campanenls have been shown to reflect more or less objective, contenl nriented
ailomalic para-ailentional processes while the inlrinsic components are Rlentified
wilh more lllhj!tﬂ!r:h' conlrolled, consclmes nllenlion (see, For exnmple, Ilil'lj'rrrd
snd Picton, 1979 MEStAnen, 19590; and Pribmm and McGuinness, 1991 lor com-
prelensive reviews),

William James once staled that he was just abont ready to jettisn the concepl
reonsciousness” in favor of thinking only in teoms of "atlention”. Il we accepl the
definition of altention (and para-attentional processes) detived from brain elec-
Irical recording as determincd lry A sel of control operatinns on 2cnsory processing,
we can nexl ask: Whal brain processes can be shown io provide these contimls?

The Orienting Reaction: Key to Conscious Experience

Control over sensory inpal enmslitates allention. Conlonl i2 exencises) nol only over
probectilic sensory processing bul aver epicrilic a5 well. The pathways by which
wich conlrol is exercised have been documented by studies utilizing e orienling
eaction. Sokolov (1963) in a classical serics of experiments demoneirated that
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orienting nccurs anl only in response o exlanrdinary sensney stimalation bi in
any slimnlus it mismaiches a neuronal model representing e prior experience

of the organism. This demonstration was accomplished by prescnting ones or
light Mashes in & regular series and then omilling an “expected™ stimuhes; or by
presenting ones or light Mashes in a regular serics and then omilling an "un-
expecied” stirmilus; or by presenting tones or Mashes of & cerlain intensity and then
presenting one of lower inlensily. In each instance » strong orienting reaction waa
obiained on the unfamiliar ocoasinn,

Sokolow wsed viscernautonomic indicator such as hear and respiratory rale and
galvanic skin conduction as well as behavioral (luming of head and eyes) in.
dicators of orienling in his experiments, In my laboratory, s additinnal series of
shisdies showed thint in both monkeys snd homans the viscemasionnmic respopses
il be dissociated from the behavineal indicators by reseciions of the amygdala
and temporal pole and hy lesions of the orbital porlions of the fronial Inhe
(Dagshaw and Benzies, 1908, Bagshaw and Coppock, 196R; Dagshaw el al., 1965%;
Dagshaw ef al., 1965, 19704, b, 1972, Bapshaw and Pribram, 1968; and Luria ef
al., 1964),

Odinarily the aricnting reaclion habituates in & few (thiee or five (o ten) trinls
indicating familiarity with the sitvation. Afer amygdalaftemporal pole nr othitn-
Tromtal dkaminge, hivwever, the vizcemaniomomic compaonents of the orienfing re-
action do nol occowr and the behavioral components Tail to habiluale, Familiariza-
lion apparenily enlails vicernanionomic aroasal,

Thie [wct thai behavinral orienting conlinues alier smypdalteciomy indicates it
annther procesting system is involved in the total orfenting reaction, This ather
sysiem cenlers on the siriatum of the hasal ganglia (eandate and putamen) and a
lateral strip of fioninparielal corlex siurroanding the Rolandic somalic sensory-
martor projection systems, Dehavioral orienling ceases when this sirip of cofex
andlfor the relaled hazal panglia are damaged; in fact, tolal neglect of the stimaka-
ing evenl is produced when damage i severe (Heilman and Valensicin, 1972). In
m gense, lhis sysiem, when activated, readies, Le., prepares, ihe organism's orieni-
ing pmcess. Readiness entails maintaining atention,

Ax noled, the process wherehy allention is maininined has been stndicd using
the lale, intrinsic, componenis of evenl-relsled brain electrical polential changes
(ERP=). Beginning at around 30K msec, afler a relevant bl nnexpected stimuke,
a process is inftiated that “updates” the nesronal model (Donchin, 1981), Updating
ix signalled by & Iate (ca 400 maec) negatively.

The updaling process Involves o clrcuil in which the thalamic relicular nuclens
plays a critical part, Activation of this mcleus inhibits activity in the thalamo-
cortical sensory penjection pathways. In turn, activity in the reticalar nnclens s
condrolled by an extralemniscal fecto-legmenial brain stem sysiem (hat itself i=
infMuenced by g from the brain slem reticular formation and collaterals from
the lemniscal semnry projecton pathways, An additional inpa b e setiontar
nuckeus of (e halames orginaies i the orbilofontal-amygdala systom, This
inpul is antagonkstic in e inpul from the lecin-lcgmental system: whereas the
tecto-legmental inpadl activates the thalmnic reficalar moclers, amb iherefore in-
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hibils—gates-sensory pendection aclivily, orbitofronial-amygdala inpul inhibits
ihe actlvily of the thalamic relicular nuclens and (hus enhances activation of the
leminiscal sensory projection systems, allowing hehavioral odenting to occur, In
turn, this otbitoftontal-amygdala system is controlled by the basal ganglin via the
intralumnar and central nucled of the thalamus.

The question arises as o the order in which aclivalion and gating oceur.
Uiiizing depth recordings in hunans, Velasco nnd Velasco (1979; Velnsoo el ol
1973) showed that ihe Inte enmponents of the ERT recorded from thalamic elec-
trodes precede (hose recorded from brain siem sites: Updating i a top-down
process, The orienting stimulies acts A m irigger, releasing altentive readiness o
aller the nenronal model on the basis of just experienced consequences.

According to the model of alientional conirols proposed by Pribrem and
McGuinness (1976; 1991) & third system b= involved in medinling, when neces-
sary, between familiarization and the maintenance of rembiness, This medialing
system s centered on the hippoacampal formation, Excitalion of the hippocampal
ayslem makes innovation possible (see Pribram, 1988, for review). The system,
when Idling, reflects comforiahle, unsiressed explomiory behavior. When en-
gaged, the systems makes il possible for atlention to be paid and effor 1o be
expended in the updating process. The hippocampal system exeris its influence on
srousal by way of fronlocorticothalamic connections and on the maintenance of

readiness posteriorly by way of brain siem connectivities (see Pribeam, 1991) for
review.

Subjective, Objective, and Intentional Consciousness

These controls on atiention add a dimension o conscioesness thal goes beyomd
nwarenesa of sensory-deiven perceplions. The additinnal dimension &5 referred 1o
ns reflective sell-awareness or intentionality (Brentano, 1960 von Uexkll, 1926), -
Intentionalily combines subjective and objecilive awancness. Subjective aware-
ness, ns poled, devolves om the arousal syslems cenfered on the amygdala to
provide familiarity. Dsylunction of these systems produce the clinical syndromes
of déjh and jamis vu. These syndromes entail a feeling of familiarity in sirange

siluations [(déja) and a fecling of unfamiliarity in silwaiions that have been en-
counlered repeatedly (jamais) in which case habitvation has failed to take place.
Ini the exireme, during & psychomotor seizire which most likely sprends tn the
hippocampal Tormation, the evenis experienced fail to become part of "the re-
memhered present™ (a5 Edelman has apily called the eoding process by which
cirrent experience remaing accessible, 1989). |

Disturhances of the hippocampally centered systems do nol inlerfere with
expefiencing ohjective consciousness. A patient with such lesions responds and
experiences hineell and the ennlents of his perceplinns normally inlil a distracting
evenl occurs ial does nol allow the apdating procest o come lo complelion,
Experienced events are apparently stored haphazardly and can be retrieved only
with special probing techniques (see Weiskeantz, 1986, Tor review). Bach ex-
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perienced episnde is sell contnined, never 1o hecome integraled into te strenm of
coteciousness. Thus, il ie the hippocampal syslem thal completes the "stream of
conecinnsnesa” that ennstracls subjeclivily.

Disturhances of the systens entailing the mainlenance of readiness can fead in
neplect symddromes, ns g nlieady heen described, These sysicms mnke possibie
the wwareness of excitations of the corparenl scIf as distingt fom the primary
seneory projeclion systems fhal make possible respanding per se bo sensory con-
lent=. Cases =uch as those of hlind sigh occur when the primary sensory thals-
mocoricnl prajectinn pathways are damaped (Weiskiailz, 1986). Cases of neglect
demnonsiraie disturhances of sell-relerence, Acting bngether, nomnl functinaing of
these sysiems makes possible the inlentionasl distinclion between the consclnias
experience of being n perceiver aned the sensed contents of that experience. It 1=

lhese systems, (herelore, thal are crifically concerned in the praduction of inten-
lional conacheusness, '

The Brain Consciousness Connection

According tn the daa reviewed here, a greal deal ks known aboid The relations, in
penernl, hetween beain processes and eonschis experience, What remains o be
cxplored in minsl instances are the specifics of the brain processes entafled in 1he
ryslems relations thal have besn uncovered, | is to these explorations that the
crlribalinns in the currenl volume are sddressed. Theze contribslions have as
their basic assamplion some form of identity between heain processing and con-
scions experience. | have suggested elwewhere (Pribeam, 1986) that this identity
can hest he understood in teomn of the metaphor of enmpater programming: | use
English in nddressing my word processnr. The word processing system, the
operating sysiem, the ASCH ss=embler, and hexadecimal ondes are all singes in
the transformntion of English 1o hinary, which is the language wmed hy the oom-
puler, In & similar fashion, subjective experience is transformed fn sleps to The
language(s), eodes, uzed by the brain. Many of ihe transformational sleps are
petformed by e welvware of the sensory and newral processes reviewed in ihis
volume; some nthers by the relations among changes in the envirmnment, as for
insiance those produced by mowemend [see Githson, 1977, 1979, fnor review),

What becomes clear fram (hess comsidemtioms is thai some sorl of nniber remning
Invariant across all of the processing sieps involved In the proceduore Thal con-
litules the transformationa from English 1o hinary and thoae frem ennscious
experience lo dendritic processing. We usually call this arder ®in-Formatinn™—I1he
fnem within. Measures of the amounl of informalion are mathematicplly relaled in
the amount of ordering of energy, thal i (he amount of emtropy. Entmpy reflects
the efficiency wilh which p system nperpies, Relpfions helween measures of
rrrlmp:p arnl mecasires of synCIgy; mmid the ansonni [ﬂ'nlﬁnqirnﬂnn ol enspmdvles of
Ciabor quanta of iformation; and of “chaotic” atiractors have been developed {sce
for example Pribram 1990, 1991}
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These contrilainng may be only a first step lowand undersianding, bul one that
promises to break down the brainfconscionsness bamrier once and for all.
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